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(54) Alternator 

(57) An alternator is capable of preventing a short 
circuit at a coil end, improving an ability of cooling a sta- 
tor winding assembly, and reducing noises. A multi- 
phase stator winding of the alternator has: a plurality of 
joint portions (32a,32b) where a distal end extending in 
an axial direction of a first conductor portion (53a) drawn 
out from a first layer in a slot and a distal end extending 
in an axial direction of a second conductor portion (53b) 



drawn out from a second layer in a slot located a prede- 
termined number of slots apart in a circumferential di- 
rection are connected outside the slot on an end surface 
side of the stator core; and a coil end where the joint 
portions are disposed in a plurality of rows in the circum- 
ferential direction. The joint portions are set apart by half 
a slot from a diametrical line in a circumferential direc- 
tion. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 ] The present invention relates to an automotive 
alternator mounted on a vehicle, such as a passenger 
car or a truck, and more particularly, to a stator winding 
of stator of the automotive alternator. 

2. Description of the Related Art 

[0002] Fig. 15 is a sectional view of a conventional 
automotive alternator. 

[0003] The automotive alternator is constituted by a 
Lundell-type rotor 7 rotatably installed via a shaft 6 in a 
case 3 composed of an aluminum front bracket 1 and 
an aluminum rear bracket 2, and a stator 8 secured to 
an inner wall of the case 3 so as to cover an outer pe- 
ripheral of the rotor 7. 

[0004] The shaft 6 is rotatably supported by the front 
bracket 1 and the rear bracket 2. A pulley 4 is secured 
to one end of the shaft 6 to allow rotating torque of an 
engine to be transmitted to the shaft 6 via a belt (not 
shown). 

[0005] Slip rings 9 are secured to the other end of the 
shaft 6 to supply electric current to the rotor 7, and a pair 
of brushes 10 are accommodated in a brush holder 11 
disposed in the case 3 so that the brushes 10 slide in 
contact with the slip rings 9. A regulator 1 8 for adjusting 
a magnitude of ac voltage generated at the stator 8 is 
adhesively attached to a heat sink 1 7 fitted in the brush 
holder 11 . A rectifier 12 which is electrically connected 
to the stator 8 and rectifies alternating current produced 
in the stator 8 into direct current is installed in the case 3. 
[0006] The rotor 7 is constructed by a rotor coil 1 3 for 
generating magnetic flux on passage of electric current, 
and a pair of pole cores 20 and 21 which are provided 
to cover the rotor coil 13 and in which magnetic poles 
are formed by the magnetic flux generated by the rotor 
coil 13. The pair of pole cores 20 and 21 is made of iron 
and has a plurality of claw-shaped magnetic poles 22 
and 23 arranged at equiangular pitches in a circumfer- 
ential direction on outer peripheries thereof, and is se- 
cured to the shaft 6 such that the pole cores 20 and 21 
oppose each other with the claw-shaped magnetic poles 
22 and 23 intermeshed. Furthermore, centrifugal fans 5 
are secured to both axial end surfaces of the rotor 7. 
[0007] The stator 8 is constructed by a stator core 1 5 
and a stator winding assembly 1 6 formed by a conductor 
wound around the stator core 15 and in which alternat- 
ing current is produced by changes in magnetic flux from 
the rotor 7 as the rotor 7 rotates. 
[0008] A structure of the stator winding assembly 1 6 
will now be described in conjunction with Fig. 16 illus- 
trating the winding. 

[0009] The stator winding assembly 16 is formed by 



an a-phase stator winding member 16a, a b-phase sta- 
tor winding member, and a c-phase stator winding mem- 
ber. The a-phase stator winding member 16a, the fa- 
phase stator winding member, and the c-phase stator 
s winding member are disposed such that they are shifted 
by one slot 1 5a from one another and are in a star con- 
nection. 

[0010] Fig. 1 6 illustrates a winding structure of the a- 
phase stator winding assembly 1 6a; it does not illustrate 
10 winding structures of the b-phase stator winding mem- 
ber and the c-phase stator winding member. In Fig 16, 
solid lines denote conductors connected to the rear 
bracket 2 (coupling portions of conductor segments, 
which will be discussed hereinafter), and dotted lines 
15 denote conductors connected to the front bracket 1 
(coupling portions of the conductor segments which will 
be discussed hereinafter). 

[0011] The a-phase stator winding assembly 16a is 
equipped with a first winding 54 and a second winding 
55. The first winding 54 connected to an a-phase lead 
wire 100 begins at a second layer (hereinafter, a first 
layer from an outer peripheral side will be indicated by 
"address 1 ", a second layer by "address 2", a third layer 
by "address 3", and a fourth layer by "address 4") from 
an outer peripheral side in the slot 15a of slot number 
1 , and extends counterclockwise into a slot 15a at ad- 
dress 1 of slot number 4 from the front bracket 1 side. 
The first winding 54 further extends clockwise from the 
rear bracket 2 side into a slot 15a at address 4 of slot 
number 4, and exits to the front bracket 1 side. Then, 
the first winding 54 extends counterclockwise into a slot 
1 5a at address 3 of slot number 4 from the front bracket 

1 side, and exits to the rear bracket 2 side. Thereafter, 
the first winding 54 extends counterclockwise into a slot 
1 5a at address 2 of slot number 7, and exits to the front 
bracket 1 side. 

[001 2] Thus, the conductor led out to the rear bracket 

2 side at address 1 , where a first layer is located in each 
slot 1 5a, enters toward the front bracket 1 at address 4, 
where a fourth layer is located, in a slot 1 5a away clock- 
wise by three slots. Furthermore, the conductor led out 
to the rear bracket 2 side at address 3, where a third 
layer is located in each slot 15a, enters toward the front 
bracket 1 at address 2, where a second layer is located 
in a slot 15a, away by three slots counterclockwise. 
[001 3] Lastly, the conductor led out to the rear bracket 
2 side at address 3, where a third layer is located, of slot 
number 34 extends counterclockwise and reaches ad- 
dress 1 , where the first layer is located, of slot number 
1 , which is an end point of the first winding 54. 
[0014] The end point of the first winding 54 provides 
a start point of the second winding 55. The second wind- 
ing 55 extends clockwise and enters a slot 1 5a at ad- 
dress 2, where the second layer is located, of slot 
number 34 from the front bracket 1 side. Subsequently, 
the conductor led out from the rear bracket 2 side ex- 
tends clockwise from the rear bracket 2 side, enters a 
slot 15a at address 3, where the third layer is located, 



25 



30 



35 



40 



45 



50 



2 



3 EP 1 128 527 A1 4 



of slot number 31 , and exits to the front bracket 1 side. 
Then, the second winding 55 extends clockwise, enters 
a slot 1 5a at address 4 of slot number 28 from the front 
bracket 1 side, and exits to the rear bracket 2 side. 
Thereafter, the second winding 55 extends counter- 
clockwise, enters a slot 15a at address 1 of slot number 
31 , and exits to the front bracket 1 side. The conductor 
extends clockwise and enters a slot 15a at address 2 of 
slot number 28. 

[001 5] Thus, the conductor led out to the rear bracket 
2 side at address 4 in each slot 15a enters toward the 
front bracket 1 side at address 1 in the slot 15a located 
three slots away counterclockwise. Furthermore, the 
conductor led out to the rear bracket 2 side at address 
2 in each slot 1 5a enters toward the front bracket 1 side 
at address 3 in the slot 15a located three slots away 
clockwise. 

[001 6] Lastly, the conductor led out to the front brack- 
et 1 side at address 3 of slot number 1 extends clockwise 
and reaches address 4 of slot number 34, which is an 
end point of the second winding 55. A neutral point lead- 
er line 101 is connected to the end point. 
[0017] As described above, in the a-phase stator 
winding member 16a, the first winding 54 connected to 
the a-phase lead wire 100 is wound around once coun- 
terclockwise as a whole, switching to the clockwise di- 
rection at a plurality of locations at every three slots. 
Then, the second winding 55 is wound around once 
clockwise as a whole, switching to the counterclockwise 
direction at a plurality of locations at every three slots. 
Thus, the a-phase stator winding member 1 6a having 
four turns is fabricated. 

[0018] The same description of the a-phase stator 
winding member applies to the b-phase stator winding 
member and the c-phase stator winding member, so that 
the description will not be repeated. 
[0019] The three-phase stator winding assembly 16 
having the configuration set forth above is formed by 
joining numerous short conductor segments 50 shown 
in Fig. 17. 

[0020] The conductor segments 50 constituting the 
conductor are made by forming a copper wire, which is 
provided with insulating coating and has a round sec- 
tion, into a substantially U shape. Each of the conductor 
segments 50 is constructed by a pair of linear portions 
51 a and 51 b accommodated in the slot 1 5a, a joint por- 
tion 52 where the linear portions 51 a and 51 b are joined, 
and connecting portions 53a and 53b provided at distal 
ends of the linear portions 51 a and 51 b and which con- 
nect adjoining conductor segments 50. 
[0021] A procedure for forming the a-phase stator 
winding member 1 6a by using the conductor segments 
50 will now be described. 

[0022] First, referring to Fig. 1 6, the linear portion 51 a 
of the conductor segment 50 and the linear portion 51 b, 
which is three slots apart, are inserted from the rear 
bracket 2 side at a predetermined slot number and a 
predetermined address. In each slot 15a, four linear por- 



tions 51 a and 51 b of the conductor segments 50 are ar- 
ranged in a row in a radial direction. 
[0023] After that, in the front bracket 1 , as indicated 
by the dotted lines of the winding diagram of Fig. 16, the 
s connecting portion 53a extending from the linear portion 
51a and the connecting portion 53b extending from the 
linear portion 51b, which is three slots away, are joined 
to the front bracket 1 side so as to form the four-turn a- 
phase stator winding member 1 6a. As indicated by the 

10 dotted lines of Fig. 16, the connecting portions 53a of 
the conductor segments 50 drawn out to the front brack- 
et 1 side from the first layer and the third layer in the slot 
15a are respectively joined, at the front bracket 1 side, 
to the connecting portions 53b of the conductor seg- 

15 ments 50 that are extended to the front bracket 1 side 
from the second layer and the fourth layer in the slot 1 5a 
that is three slots away clockwise. 
[0024] The distal ends of the connecting portions 53a 
and 53b of the conductor segments 50 can be easily 

20 bent, and are overlapped in the radial direction substan- 
tially at a midpoint between the two slots 15a in which 
the conductor segments 50 are inserted. The over- 
lapped distal ends are wrapped with clamps 29, then 
soldered. An inner joint portion 56 in which the distal 

25 ends of the connecting portions 53a and 53b on an inner 
circumferential side are joined, and an outer joint portion 
57 in which the distal ends of the connecting portions 
53a and 53b on an outer circumferential side are joined 
are disposed in a row in the radial direction as shown in 

30 Fig. 18 and Fig. 19. 

[0025] In the same manner, the four-turn b-phase sta- 
tor winding member and the four-turn c-phase stator 
winding member are fabricated, then all the three stator 
winding members are star-connected to make up the 

35 three-phase stator winding assembly 1 6. 

[0026] In the automotive alternator constructed as de- 
scribed above, current is supplied by a battery (not 
shown) through the brushes 10 and the slip rings 9 to 
the rotor coil 1 3 so as to generate magnetic flux, where- 

40 by the claw-shaped magnetic pole 22 of the pole core 
assembly 20 is polarized with north-seeking (N) pole, 
while the claw-shaped magnetic pole 23 of the pole core 
assembly 21 is polarized with south-seeking (S) pole. 
The rotating torque of the engine is transmitted to the 

45 shaft 6 via the belt and the pulley 4, thereby causing the 
rotor 7 to rotate. This in turn causes a rotating magnetic 
field to be imparted to the stator winding assembly 16, 
and an electromotive force is generated in the stator 
winding assembly 16. The alternating electromotive 

50 force is converted into direct current by means of the 
rectifier 12, a magnitude thereof is adjusted by the reg- 
ulator 18, and the battery is recharged. 
[0027] In the automotive alternator, the rotor coil 13, 
the stator winding assembly 16, the rectifier 12, and the 

55 regulator 1 8 constantly generate heat during power gen- 
eration. As countermeasures for the heat produced by 
power generation, the front bracket 1 and the rear brack- 
et 2 are provided with intake ports 1a, 2a and exhaust 
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ports 1b f 2b. 

[0028] As indicated by chain lines in Fig. 15, at the 
rear side, the rotation of the centrifugal fan 5 causes out- 
side air to be introduced through the intake ports 2a pro- 
vided facing the heat sink 19 of the rectifier 12 and the 
heat sink 1 7 of the regulator 1 8, respectively, to cool the 
rectifier 12 and the regulator 1 8. Then, the air is curved 
in a centrifugal direction by the centrifugal fan 5 so as 
to cool a coil end 1 6b at the rear side of the stator wind- 
ing assembly 16, and exhausted through the exhaust 
ports 2b. 

[0029] Furthermore, at the front bracket 1 side, the ro- 
tation of the centrifugal fan 5 causes outside air to be 
introduced through the intake ports 1 a in an axial direc- 
tion, then the air is curved in a centrifugal direction by 
the centrifugal fan 5 so as to cool a coil end 1 6a at the 
front side of the stator winding assembly 16, and ex- 
hausted to outside through the exhaust ports 1b. 
[0030] The stator winding assembly 16 generates 
much heat, and as it becomes hot, its output character- 
istic deteriorates. For this reason, the coil end 16b is 
positioned between the centrifugal fan 5 and the ex- 
haust ports 1b and 2b so as to be securely cooled. 
[0031] In the automotive alternator having the above 
construction, the inner joint portion 56 and the outer joint 
portion 57 are closed in the radial direction. This has 
been presenting a problem in that It is difficult to wrap 
the connecting portions 53a and 53b with the clamps 
29, and solder tends to cover adjacent inner joint por- 
tions 56 or outer joint portions 57, leading to poor con- 
necting work efficiency and a low yield. 
[0032] Furthermore, since the inner joint portions 56 
and the outer joint portions 57 are disposed in a row in 
the radial direction, it is difficult for cooling air discharged 
from the centrifugal fans 5 to hit the outer joint portions 
57. This has been posing a problem in that temperatures 
of the conductor segments 50 on the outer peripheral 
side rise, and solder of the outer joint portion 57 melts 
and drips, causing short-circuit with an adjoining con- 
ductor segment 50. 

[0033] There has been another problem in that the au- 
tomotive alternator is mounted on the engine that incurs 
the severest vibrations in the automobile, so that the in- 
ner joint portions 56 and the outer joint portions 57 come 
in contact with each other due to the vibrations, resulting 
in a short circuit. 

[0034] Furthermore, if the connecting portions 53a 
and 53b of the conductor segments 50 are joined by, for 
example, TIG welding instead of soldering, since the in- 
ner joint portion 56 and the outer joint portion 57 are 
close in the radial direction, an attempt to weld one of 
them frequently causes an adjoining joint portion to be 
welded together, presenting a problem of poor connect- 
ing work efficiency and a low yield. 
[0035] In the connecting work using the TIG welding, 
as illustrated in Fig. 21 and Fig. 22, copper clamping jigs 
40 are arranged in a straight line, distal ends of the 
clamping jigs 40 are butted against each other to hold 



the conductor segment 50, and heat is radiated by trans- 
mitting generated heat during welding via the clamping 
jigs 40 to heat radiating jigs 41 . However, an area where 
the clamping jigs 40 are in contact with the conductor 

5 segment 50 is small, posing a problem in that heat is not 
adequately radiated at the joint portions 56 and 57 dur- 
ing the welding process, and the connecting portions 
53a and 53b in the vicinity of the joint portions 56 and 
57 incur burnt coating, making it impossible to accom- 

10 plish satisfactory insulation between the conductor seg- 
ments 50. 

[0036] There has been still another problem in that the 
jigs 40 hold together the joint portions 56 and 57 ar- 
ranged in a row, so that their holding performance is not 
15 reliable, leading to a likelihood of unstable TIG welding. 
[0037] There has been yet another problem in that the 
jigs 40 are made of soft copper, and the tapered jigs 40 
are abutted against each other. Therefore, the jigs 40 
are easily damaged, resulting in an extremely short 
service life of the jigs 40. 

[0038] There has been a further problem in that, if an 
insulating varnish is applied to the joint portions 56 and 
57, then the varnish tends to be applied over the adja- 
cent joint portions 56 and 57, clogging a passage of 
cooling air with consequent noises or deteriorated ability 
of cooling the stator winding assembly 16. 

SUMMARY OF THE INVENTION 

[0039] Accordingly, the present invention has been 
made with a view toward solving the problems described 
above, and it is an object thereof to provide an alternator 
capable of preventing a short circuit at a coil end, pro- 
viding improved ability of cooling a stator winding, and 
reducing noises. 

[0040] According to one aspect of the present inven- 
tion, there is provided an alternator including a multi- 
phase stator winding assembly installed in a plurality of 
slots which extend in an axial direction of the stator core 
and are arranged at predetermined pitches in a circum- 
ferential direction, the mufti-phase stator winding as- 
sembly comprising a coil end outside the slot on an end 
surface the of the stator core, the coil end having a plu- 
rality of joint portions where a distal end extending in an 
axial direction of a first conductor portion drawn out from 
an n-th layer in a slot and a distal end extending in an 
axial direction of a second conductor portion drawn out 
from an (n+1)th layer in a slot located a predetermined 
number of slots apart in a circumferential direction are 
connected, the joint portions being disposed in a plural- 
ity of rows in the circumferential direction, wherein the 
joint portions disposed in a radial direction are individu- 
ally shifted in the circumferential direction. 
[0041] In a preferred form of the alternator according 
to the present invention, an outer joint portion wherein 
a distal end of a first conductor portion extending from 
a first layer of a first slot and a distal end of a second 
conductor portion extending from a second layer in a 
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second slot are connected, and an inner joint portion 
wherein a distal end of a first conductor portion extend- 
ing from a third layer of the first slot and a distal end of 
a second conductor portion extending from a fourth lay- 
er in the second slot are connected are apart from each 
other by half a slot. 

[0042] In an alternator according to another aspect of 
the present invention, a distance between an inner joint 
portion located on an inner peripheral side of a stator 
core and an end surface of the stator core is different 
from a distance between an outer joint portion located 
on an outer peripheral side of the stator core and the 
end surface of the stator core. 

[0043] In a preferred form of the alternator in accord- 
ance with the present invention , the distal end of the first 
conductor portion and the distal end of the second con- 
ductor portion overlap in the radial direction to form the 
joint portion. 

[0044] In another preferred form of the alternator, the 
joint portion is inclined from a diametrical line of the sta- 
tor in a direction of rotation of a rotor, and the joint portion 
guides cooling air, which is generated by the rotation of 
the rotor, out of the stator core. 

[0045] In still another preferred form of the alternator, 
there is a gap in the radial direction between an inner 
joint portion located on an inner peripheral side of the 
stator core and an outer joint portion located on an outer 
peripheral side of the stator core. 
[0046] In yet another preferred form of the alternator, 
the first conductor portion and the second conductor 
portion form a substantially U-shaped conductor seg- 
ment having leg ends bending away from each other, 
and the joint portions are formed by joining the leg ends 
by welding. 

[0047] In a further preferred form of the alternator, the 
joint portions are coated with an insulating resin. 
[0048] In a further preferred form of the alternator, the 
first conductor portion and the second conductor portion 
are formed of a continuous conductor, and are continu- 
ously connected in the joint portions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] Fig. 1 is a perspective view showing an essen- 
tial section of a stator of an automotive alternator ac- 
cording to First Embodiment of the present invention. 
[0050] Fig. 2 is a top plan view showing a stator core 
and joint portions, which view is obtained by observing 
the stator of Fig. 1 from the joint portions. 
[0051] Fig. 3 is an enlarged view of an essential sec- 
tion of the stator core and the joint portions of Fig. 2. 
[0052] Fig. 4 is a perspective view showing an essen- 
tial section of a stator of an automotive alternator ac- 
cording to Second Embodiment of the present invention. 
[0053] Fig. 5 is a perspective view showing an essen- 
tial section of a stator of an automotive alternator ac- 
cording to Third Embodiment of the present invention. 
[0054] Fig. 6 is a top plan view showing a stator core 



and joint portions, which view is obtained by observing 
a stator of an automotive alternator according to Fourth 
Embodiment of the present invention from the joint por- 
tions. 

5 [0055] Fig. 7 is an explanatory diagram of joint por- 
tions formed by TIG welding. 

[0056] Fig. 8 is a side sectional view of the joint por- 
tions of Fig. 7. 

[0057] Fig. 9 is a top plan view showing a stator core 
10 and joint portions, which view is obtained by observing 
a stator of an automotive alternator according to Fifth 
Embodiment of the present invention from the joint por- 
tions. 

[0058] Fig. 10 is an explanatory diagram of a joint por- 
15 tion of Fig. 9 that is formed by TIG welding. 

[0059] Fig. 1 1 is a side sectional view of the joint por- 
tions of Fig. 10. 

[0060] Fig. 12 is a winding diagram of an automotive 
alternator according to Sixth Embodiment of the present 

20 invention. 

[0061] Fig. 13 is a perspective view showing an es- 
sential section of a stator of Fig. 12. 
[0062] Fig. 14 is a perspective view showing an es- 
sential section of a stator of an automotive alternator 

25 according to Seventh Embodiment of the present inven- 
tion. 

[0063] Fig. 15 is a sectional view of a conventional 
automotive alternator 

[0064] Fig. 1 6 is a winding diagram of the automotive 
30 alternator of Fig. 15. 

[0065] Fig. 17 is a perspective view of an essential 

section, which view is obtained by observing a stator of 

Fig. 15 from a rear bracket side. 

[0066] Fig. 1 8 is a perspective view of an essential 
35 section, which view is obtained by observing a stator of 

Fig. 15 from a front bracket side. 

[0067] Fig. 1 9 is a top plan view showing joint portions 
and a stator core, which view is obtained by observing 
the stator of Fig. 15 from the front bracket side. 
40 [0068] Fig. 20 is an enlarged view of an essential sec- 
tion of the joint portions and the stator core of Fig. 19. 
[0069] Fig. 21 is an explanatory diagram of a joint por- 
tion formed by TIG welding. 

[0070] Fig. 22 is a side sectional view of the joint por- 
45 tion of Fig. 21 . 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

so [0071] Embodiments of the present invention will now 
be described. In the following description, components 
that are the identical or equivalent to those of a conven- 
tional art will be assigned the same reference numerals. 



[0072] Fig. 1 is a perspective view showing an essen- 
tial section of a stator 30 of an automotive alternator ac- 



55 First Embodiment 
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cording to First Embodiment of the present invention; 
Fig. 2 is a top plan view showing a stator core and joint 
portions, in which the stator 30 of Fig. 1 is observed from 
a front bracket 1 side (joint portion side); and Fig. 3 is 
an enlarged view of an essential section of the stator 
core and the joint portions shown in Fig. 2. 
[0073] Referring to Fig. 1 , a stator core 15 is shaped 
like a cylinder and has thirty-six slots 15a which have 
axes oriented in directions of grooves and are formed 
at equiangular pitches in a circumferential direction such 
that the slots 15a open on an inner peripheral side. 
[0074] A stator winding assembly 32 is constructed by 
a plurality of conductor segments 50 made of copper 
wires which are provided with insulating coating and vir- 
tually formed into U shapes, and installed in each slot 
1 5a of the stator core 1 5 as shown in a winding diagram 
of Fig. 16. 

[0075] In the conductor segment 50 which is the first 
conductor and the second conductor as shown in Fig. 
1 6, for example, a connecting portion 53a extending to 
the front bracket 1 side from address 2 in the slot 15a 
of slot number 19 is slightly longer than a connecting 
portion 53b extending to the front bracket 1 side from 
address 1 in the slot 15a of slot number 22, which is 
three slots apart. Likewise, a connecting portion 53a ex- 
tending to the front bracket 1 side from address 4 in the 
slot 15a of slot number 19 is slightly shorter than a con- 
necting portion 53b extending to the front bracket 1 side 
from address 3 in the slot 15a of slot number 22. 
[0076] Thus, the right and left connecting portions 53a 
and 53b of the U-shaped conductor segment 50 are 
formed to have different lengths so as to achieve a struc- 
ture wherein an inner joint portion 32a and an outer joint 
portion 32b having distal ends of the connecting portions 
53a and 53b joined by soldering are disposed such that 
they are shifted by half a slot in a circumferential direc- 
tion as shown in Fig. 2 and Fig. 3. In this embodiment, 
there are thirty-six slots 15a, which are disposed at in- 
tervals of 10 degrees. The inner joint portion 32a and 
the outer joint portion 32b are shifted by 5 degrees, 
which is half the angle of the interval between the slots 
15a. 

[0077] In the automotive alternator having the above 
construction, first, the connecting portions 53a and 53b 
of each conductor segment 50 are inserted in predeter- 
mined slots 15a from the rear bracket 2 side until they 
project toward the front bracket 1 as shown in Fig. 17. 
Thereafter, the connecting portions 53a and 53b are 
bent so that they are apart from each other in the cir- 
cumferential direction, then the distal ends thereof are 
overlapped in the radial direction. At this time, the distal 
ends of the connecting portions 53a and 53b on the in- 
ner peripheral side of the conductor segment 50 and the 
distal ends of the connecting portions 53a and 53b on 
the outer peripheral side of the conductor segment 50 
are shifted by half a slot in the circumferential direction. 
The distal ends are then wrapped with clamps 29 to be 
secured, and welded by soldering so as to form the inner 



joint portion 32a and the outer joint portion 32b. 
[0078] According to First Embodiment, the inner joint 
portion 32a and the outer joint portion 32b are shifted 
by half a slot in the circumferential direction , so that they 

s are disposed without overlapping each other in the ra- 
dial direction. With this arrangement, wrapping the 
clamps 29 can be easily wrapped around the connecting 
portions 53a and 53b, and chances for solder to unde- 
sirably cover adjacent joint portions 32a and 32b are 

10 minimized, thus permitting greater ease of connecting 
work and a higher yield. 

[0079] Furthermore, cooling air discharged from a 
centrifugal fan 5 more easily hits the connecting portions 
53a and 53b of the conductor segments 50 on the outer 
15 peripheral side, leading to improved ability of cooling the 
stator winding assembly 32. 

[0080] The inventor of the application concerned has 
replaced a conventional stator 8 by the stator 30 of First 
Embodiment and actuated the automotive alternator to 

20 measure a temperature of the stator 30. The tempera- 
ture of the stator 30 is about 1 0°C lower than that of the 
conventional stator 8, and the solder of the joint portions 
32a and 32b did not drip from melting. 
[0081] In addition, since the inner joint portion 32a and 

25 the outer joint portion 32b are sufficiently apart, it has 
been possible to avoid an inconvenience in which the 
joint portions 32a and 32b come in contact due to vibra- 
tions with consequent occurrence of a short circuit. 

30 Second Embodiment 

[0082] in First Embodiment set forth above, the distal 
ends of the conductor segments 50 are joined by sol- 
dering. In Second Embodiment, the distal ends of the 

35 conductor segments 50 are joined by soldering, and in- 
sulating varnish is further applied to the surfaces thereof 
to form an inner joint portion 33a and an outer joint por- 
tion 33b. The rest of the construction is the same as the 
construction of First Embodiment. 

40 [0083] A stator 30B according to Second Embodiment 
is able to provide the same advantages as those of First 
Embodiment. Moreover, the insulating varnish does not 
cover an adjacent inner joint portion 33a or outer joint 
portion 33b, preventing the insulating varnish from clog- 

45 ging a passage of cooling air, which clogging produces 
noises or adversely affects cooling of a stator winding 
assembly 33. 

Third Embodiment 

50 

[0084] In a stator 30B of Third Embodiment, a height 
of an inner joint portion 34a in an axial direction is set 
to be larger than that of an outer joint portion 34b as 
shown in Fig. 5. The rest of the construction is the same 
55 as the construction of Second Embodiment described 
above. 

[0085] In the stator 30B according to Third Embodi- 
ment, a distance between the inner joint portion 34a and 
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the outer joint portion 34b of a stator winding assembly 
34 can be further increased; therefore, greater ease of 
welding and a higher yield can be improved, and a short 
circuit between the joint portions 34a and 34b attributa- 
ble to vibration can be prevented. 

Fourth Embodiment 

[0086] In a stator 30C of Fourth Embodiment, an inner 
joint portion 35a and an outer joint portion 35b are pro- 
vided so that they incline in a direction of rotation of a 
rotor 7 with respect to a radial direction as shown in Fig. 
6. In this embodiment, the inner joint portion 35a and 
the outer joint portion 35b are slanted 30 degrees with 
respect to a radial line passing an axial center of a stator 
winding assembly 15. The rest of the construction of 
Fourth Embodiment is the same as the construction of 
Second Embodiment described above. 
[0087] In the stator 30C according to Fourth Embod- 
iment, the inclinations of the joint portions 35a and 35b 
substantially agree with a direction in which cooling air 
from a centrifugal fan 5 is discharged, permitting smooth 
exhaust of the cooling air. 

[0088] The inventor of the application concerted has 
replaced a conventional stator 8 by the stator 30C of 
Fourth Embodiment, and operated an automotive alter- 
nator under a condition wherein a rotor 7 rotates at 
1 0000 rpm to measure wind noises. A reduction of 5 dB 
in noise level has been achieved as compared with the 
conventional stator. 

[0089] In the embodiments set forth above, the joint 
portions are formed by solder welding. Obviously, how- 
ever, the forming method of the joint portions is not lim- 
ited thereto; the joint portions may be formed by TIG 
welding. 

[0090] In the example, as shown in Fig. 7 and Fig. 8, 
distal ends of connecting portions 53a and 53b over- 
lapped in a radial direction are held by a pair of clamping 
jigs 40, and the distal ends of the connecting portions 
53a and 53b are connected by TIG welding. 
[0091] At this time, the distal end of one clamping jig 
40 pushes the connecting portions 53a and 53b of con- 
ductor segments 50 overlapped in a radial direction in 
the other clamping jig 40. Hence, the connecting por- 
tions 53a and 53b are securely held, permitting stable 
welding work. 

[0092] Furthermore, an area of contact between the 
connecting portions 53a and 53b and the clamping jigs 
40 is increased, allowing heat during welding to be 
transmittedto heat radiating jigs 41 via the clamping jigs 
40 for quick heat radiation. This prevents occurrence of 
burning of coating in the vicinity of a joint portion of the 
connecting portions 53a and 53b during welding, allow- 
ing a good welding condition at the joint portion. 
[0093] Moreover, as compared with the conventional 
jigs shown in Fig. 20 and Fig. 21 wherein tapered distal 
ends of the clamping jigs 40 are abutted against each 
other, copper jigs 40 are more resistant to damage. Ac- 



cording to results of experiments performed by the in- 
ventor of the application concerned, a service life of the 
clamping jigs 40 is prolonged by about ten times. 

5 Fifth Embodiment 

[0094] In a stator 30D of Fifth Embodiment, as illus- 
trated in Fig. 9, an inner joint portion 36a and an outer 
joint portion 36b are disposed so that they are shifted 
10 by half a slot in a circumferential direction and have a 
gap A in a radial direction. The rest of the construction 
is identical to the construction of Second Embodiment 
described above. 

[0095] In Fifth Embodiment, a larger gap can be se- 
15 cured between the inner joint portion 36a and the outer 
joint portion 36b as compared with Second Embodi- 
ment. This prevents adjacent joint portions 36a and 36b 
from being involved during TIG welding, permitting fur- 
ther greater ease of welding work and a still higher yield. 
[0096] In Fifth Embodiment also, as illustrated in Fig. 
10 and Fig. 11 , distal ends of connecting portions 53a 
and 53b overlapped in a radial direction are held by a 
pair of clamping jigs 40 with the gap A maintained, and 
the distal ends of the connecting portions 53a and 53b 
are connected by TIG welding. 

[0097] At this time, the distal end of one clamping jig 
40 pushes the connecting portions 53a and 53b of con- 
ductor segments 50 overlapped in a radial direction in 
the other clamping jig 40. Hence, the connecting por- 
tions 53a and 53b are securely held, permitting stable 
TIG welding work. 

Sixth Embodiment 

[0098] Fig. 1 2 is a winding diagram of a stator 30E of 
an automotive alternator according to Sixth Embodi- 
ment of the present invention. 

[0099] Fig. 12 is the winding diagram of an a-phase 
stator winding member 161, and it does not show wind- 
ing diagrams of a b-phase stator winding member and 
a c-phase stator winding member. In the diagram, solid 
lines denote conductors 1 00 connected to a rear bracket 
2, and dotted lines denote conductors 1 00 connected to 
the front bracket 1 . 

[0100] The stator winding members 161 for six phas- 
es are formed by shifting slots 1 5a, in which the conduc- 
tors 100 are installed, by one slot, and the stator winding 
members 1 61 are star-connected for every three phas- 
es, thereby forming two sets of three-phase stator wind- 
ing assemblies. 

[01 01 ] A stator core 1 5 A of the stator 30 E is provided 
with 96 slots 15a equidistantly formed to accommodate 
the two sets of three-phase stator winding assemblies, 
corresponding to a number (1 6) of magnetic poles of a 
rotor 7. A stator winding assembly 1 01 is constituted by 
a plurality of winding members 161 wherein one con- 
ductor 100 is bent back outside a slot 15a on an end 
surface side of the stator core 15A and wave-wound 
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such that it alternately passes an inner layer and an out- 
er layer in a direction of slot depth in the slot 15a for 
every six slots. 

[0102] More specifically, the conductor 100 led out to 
the front bracket 1 side from a first layer in each slot 1 5a 
is led into a second layer in the slot 15a located six slots 
away, and led out to the rear bracket 2 side, then led 
into the first layer in the slot 1 5a located another six slots 
away. Furthermore, the conductor 100 led out to the 
front bracket 1 side from a fourth layer is led into a third 
layer in the slot 1 5a located six slots away, and led out 
to the rear bracket 2 side, then led into the fourth layer 
in the slot 15a located another six slots away. The con- 
ductor 1 00 is formed of a copper wire provided with in- 
sulation coating. 

[0103] Fig. 13 is a perspective view of an essential 
section of the stator 30E of Fig. 12 observed from the 
front bracket 1 . A distal end B that extends in an axial 
direction of a first conductor portion 100a drawn out from 
the first layer in the slot 15a is continuously connected 
to the distal end B that extends in an axial direction of a 
second conductor portion 1 00b drawn out from the sec- 
ond layer in the slot 15a located six slots apart in a cir- 
cumferential direction, the first and second conductor 
portions being formed of the continuous conductor 1 00. 
Likewise, a distal end C that extends in an axial direction 
of the first conductor portion 1 00a drawn out from a third 
layer in the slot 15a is continuously connected to the 
distal end C that extends in an axial direction of a second 
conductor portion 1 00b drawn out from a fourth layer in 
the slot 15a located six slots apart in the circumferential 
direction, the first and second conductor portions being 
formed of the continuous conductor 1 00. The distal ends 
B and C are apart from each other by half the slot 1 5a 
in the circumferential direction. 

[0104] In Sixth Embodiment, the distal ends B and C 
also serving as joint portions are apart from each other 
by half the slot 15a in the circumferential direction, not 
overlapping in the radial direction. Therefore, cooling air 
discharged from a fan 5 smoothly passes a coil end 
1 01 a of the stator winding assembly 1 01 , so that the sta- 
tor 30E is efficiently cooled to suppress a rise in temper- 
ature of the stator 30E. 

Seventh Embodiment 

[0105] Fig. 14 is a perspective view of an essential 
section of a stator 30 F (observed from a front bracket 
1) of Seventh Embodiment in accordance with the 
present invention. A distal end D that extends in an axial 
direction of a first conductor portion 1 1 0a drawn out from 
a first layer in a slot 15a is continuously connected to 
the distal end D that extends in an axial direction of a 
second conductor portion 1 1 0b drawn out from a second 
layer in the slot 15a located six slots apart in a circum- 
ferential direction, the first and second conductor por- 
tions being formed of a continuous conductor 110. Like- 
wise, a distal end E that extends in an axial direction of 



the first conductor portion 110a drawn out from a third 
layer in the slot 15a is continuously connected to the 
distal end E that extends in an axial direction of the sec- 
ond conductor portion 1 1 0b drawn out from a fourth lay- 

s er in the slot 15a located six slots apart in a circumfer- 
ential direction, the two conductors being formed of the 
continuous conductor 110. The distal ends D and E are 
apart from each other by half the slot 1 5a in the circum- 
ferential direction, and the distal ends E on an inner pe- 

10 ripheral side are higherthan the distal ends D on an out- 
er peripheral side. 

[0106] In Seventh Embodiment, the distal ends D and 
E also serving as joint portions are apart from each other 
by half the slot 15a in the circumferential direction. 
is Therefore, cooling air discharged from a fan 5 smoothly 
passes a coil end 111a of the stator winding assembly 
111, so that the stator 30F is efficiently cooled to sup- 
press a rise in temperature of the stator 30 F. 
[0107] Moreover, since the distal ends E on the inner 
peripheral side are higherthan the distal ends D on the 
outer peripheral, a more distance is provided between 
the distal ends D and the distal ends E, making it pos- 
sible to suppress occurrence of a short circuit caused 
by vibrations. 

[0108] In the above descriptions of the stator winding 
assemblies of the embodiments, the 4-turn three-phase 
stator winding assemblies have been referred to. The 
number of turns, however, may be increased to, for ex- 
ample, six or eight if a higher output at a lower speed is 
required. 

[01 09] As described above, in an alternator according 
to one aspect of the present invention, there is provided 
an alternator including a multi-phase stator winding as- 
sembly installed in a plurality of slots which extend in an 
axial direction of the stator core and are arranged at pre- 
determined pitches in a circumferential direction, the 
multi-phase stator winding assembly comprising a coil 
end outside the slot on an end surface the of the stator 
core, the coil end having a plurality of joint portions 
where a distal end extending in an axial direction of a 
first conductor portion drawn out from an n-th layer in a 
slot and a distal end extending in an axial direction of a 
second conductor portion drawn out from an (n+1)th lay- 
er in a slot located a predetermined number of slots 
apart in a circumferential direction are connected, the 
joint portions being disposed in a plurality of rows in the 
circumferential, direction, wherein the joint portions dis- 
posed in a radial direction are individually shifted in the 
circumferential direction. Therefore, a gap is surely se- 
cured between the joint portions adjoining in the circum- 
ferential direction and also between the joint portions 
adjoining in the radial direction. With this arrangement, 
greater ease of connecting work and a higher yield can 
be achieved when the connecting work is performed by, 
for example, welding. 

[0110] Furthermore, the cooling air generated by ro- 
tation of the rotor smoothly passes the coil end of the 
stator winding assembly. Hence, the stator is efficiently 
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cooled, suppressing a rise in the temperature of the sta- 
tor. 

[01 1 1 ] According to one form of the alternator, an out- 
er joint portion where a distal end of a first conductor 
portion extending from a first layer of a first slot and a 
distal end of a second conductor portion extending from 
a second layer in a second slot are connected, and an 
inner joint portion where a distal end of a first conductor 
portion extending from a third layer of the first slot and 
a distal end of a second conductor portion extending 
from a fourth layer in the second slot are connected may 
bee spaced apart from each other by half a slot. There- 
fore, the joint portions on the inner peripheral side and 
the joint portions on the outer peripheral side are alter- 
nately disposed at equal intervals in the circumferential 
direction. With this arrangement, when the connecting 
work is performed by, for example, welding, greater 
ease of connecting work and a higher yield can be 
achieved. Moreover, the cooling air generated by the ro- 
tation of the rotor evenly passes the coil end of the stator 
winding assembly, so that the stator is cooled efficiently 
and evenly, and a rise in the temperature of the stator 
will be evenly suppressed. 

[0112] According to the alternator of the present in- 
vention, a distance between an inner joint portion locat- 
ed on an inner peripheral side of the stator core and an 
end surface of the stator core is different from a distance 
between an outer joint portion located on an outer pe- 
ripheral side of the stator core and the end surface of 
the stator core. Therefore, a larger gap can be secured 
between the outer joint portions and the inner joint por- 
tions. Hence, when the connecting work is performed 
by welding, the ease of welding work and the yield can 
be improved and the occurrence of a short circuit attrib- 
utable to vibration can be suppressed. 
[0113] According to another form of the alternator, the 
distal end of the first conductor portion and the distal 
end of the second conductor portion may overlap in the 
radial direction to form the joint portion. Therefore, the 
circumferential widths of the joint portions are small, so 
that larger gaps are provided between the joint portions 
adjoining in the circumferential direction. This arrange- 
ment increases the passing area of the cooling air gen- 
erated by the rotation of the rotor, enabling the stator to 
be efficiently cooled. 

[0114] According to still another form of the alternator, 
the joint portion may be inclined from a diameter of the 
stator in a direction of rotation of the rotor, and the joint 
portion may guide cooling air, which is generated by the 
rotation of the rotor, out of the stator core. Therefore, 
the alternator of this form allows the cooling air gener- 
ated by the rotation of the rotor to be smoothly exhaust- 
ed out of the stator, the stator can be efficiently cooled, 
and wind noises can be reduced. 
[0115] Accordingto still anotherform of the alternator, 
a gap may be provided in the radial direction between 
an inner joint portion located on an inner peripheral side 
of the stator core and an outer joint portion located on 



an outer peripheral side of the stator core. Therefore, 
the alternator of this form allows a larger radial gap to 
be secured between the outer joint portions and the in- 
ner portions. Hence, when the connecting work is per- 
s formed by, for example, welding, greater ease of con- 
nection work and a higher yield can be achieved, and 
the occurrence of a short circuit attributable to vibration 
can be suppressed. 

[0116] According to still anotherform of the alternator, 
10 the first conductor portion and the second conductor 
portion may form a substantially U-shaped conductor 
segment having leg ends bending away from each oth- 
er, and the joint portions may be formed by joining the 
leg ends by welding. Therefore, the alternator of this 
15 form invention makes it possible to easily and securely 
connect the distal end extending in the axial direction of 
the first conductor portion drawn out from an n-th layer 
in a slot, to the distal end extending in the axial direction 
of the second conductor portion drawn out from an (n+1 ) 
th layer in a slot that is apart by a predetermined number 
of slots in the circumferential direction. 
[0117] According to still anotherform of the alternator, 
the joint portion may be coated with an insulating resin. 
Therefore, the alternator of this form secures insulation 
of the joint portions and exhibits improved corrosion re- 
sistance to brine, etc. 

[0118] According to still anotherform of the alternator, 
the first conductor portion and the second conductor 
portion may be formed of a continuous conductor, and 
be continuously connected in the joint portion. There- 
fore, the alternator of this form obviates the need for 
welding or other similar work for the joint portions, per- 
mitting easy fabrication of the stator winding assembly. 



Claims 

1 . An alternator comprising: 

a rotor alternately forming a north (N) pole and 
a south (S) pole in a direction of rotation there- 
of; 

a stator core surrounding the rotor; and 
a multi-phase stator winding assembly installed 
in a plurality of slots which extend in an axial 
direction of the stator core and are arranged at 
predetermined pitches in a circumferential di- 
rection, 

said multi-phase stator winding assembly com- 
prising a coil end outside the slot on an end sur- 
face side of the said stator core, 
said coil end having a plurality of joint portions 
where a distal end extending in an axial direc- 
tion of a first conductor portion drawn out from 
an n-th layer in a slot and a distal end extending 
in an axial direction of a second conductor por- 
tion drawn out from an (n+1)th layer In a slot 
located a predetermined number of slots apart 
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in a circumferential direction are connected, 
said joint portions being disposed in a plurality 
of rows in the circumferential direction, 
wherein said joint portions disposed in a radial 
direction are individually shifted in the circum- 5 
ferential direction. 

An alternator according to Claim 1 , wherein an outer 
joint portion where a distal end of a first conductor 
portion extending from a first layer of a first slot and 10 
a distal end of a second conductor portion extend- 
ing from a second layer in a second slot are con- 
nected, and an inner joint portion where a distal end 
of a first conductor portion extending from a third 
layer of said first slot and a distal end of a second is 
conductor portion extending from a fourth layer in 
said second slot are connected, are spaced apart 
from each other by half a slot. 

An alternator comprising: 20 

a rotor alternately forming a north (N) pole and 
a south (S) pole in a direction of rotation there- 
of; 

a stator core surrounding the rotor; and 25 
a multi-phase stator winding assembly installed 
in a plurality of slots which extend in an axial 
direction of said stator core and are arranged 
at predetermined pitches in a circumferential di- 
rection, 30 
said multi-phase stator winding assembly com- 
prising a coil end outside said slot on an end 
surface side of said stator core, 
said coil end having a plurality of joint portions 
where a distal end extending in an axial direc- 35 
tion of a first conductor portion drawn out from 
an n-th layer in a slot and a distal end extending 
in an axial direction of a second conductor por- 
tion drawn out from an (n+1)th layer in a slot 
located a predetermined number of slots apart 40 
in a circumferential direction are connected, 
said joint portions being disposed in a plurality 
of rows in the circumferential direction, 
wherein a distance between an inner joint por- 
tion located on an inner peripheral side of said 45 
stator core and an end surface of said stator 
core is different from a distance between an 
outer joint portion located on an outer periph- 
eral side of said stator core and the end surface 
of said stator core. so 

An alternator according to Claim 1 , wherein a dis- 
tance between an inner joint portion located on an 
inner peripheral side of said stator core and an end 
surface of said stator core is different from a dis- ss 
tance between an outer joint portion located on an 
outer peripheral side of said stator core and the end 
surface of said stator core. 



5. An alternator according to Claim 1 , wherein the dis- 
tal end of the first conductor portion and the distal 
end of the second conductor portion overlap in the 
radial direction to form said joint portion. 

6. An alternator according to Claim 1 , wherein said 
joint portion is inclined from a diameter of said stator 
in a direction of rotation of said rotor, and said joint 
portion guides cooling air, which is generated by the 
rotation. 

7. An alternator according to Claim 1 , wherein a gap 
is provided in the radial direction between an inner 
joint portion located on an inner peripheral side of 
said stator core and an outer joint portion located 
on an outer peripheral side of said stator core. 

8. An alternator according to Claim 1 , wherein said 
first conductor portion and said second conductor 
portion form a substantially U-shaped conductor 
segment having leg ends bending away from each 
other, and said joint portions are formed by joining 
the leg ends by welding. 

9. An alternator according to Claim 1 , wherein said 
joint portion is coated with an insulating resin. 

10. An alternator according to Claim 1, wherein said 
first conductor portion and said second conductor 
portion are formed of a continuous conductor, and 
are continuously connected in said joint portion. 
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